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EFFECTS OF A CATTLE FEEDLOT ON GROUND-WATER QUALITY

IN THE SOUTH PLATTE RIVER VALLEY NEAR GREELEY, COLORADO

By R. G. Borman

ABSTRACT

Changes in water quality in an alluvial aquifer resulting from the oper-
ation of a feedlot stocked with 90,000 cattle have been minimal. Monitoring
water quality in 19 observation wells from April 1974, prior to the operation
of the feedlot, to June 1978, after about 4 years of operation, indicates
that chloride concentrations have increased slightly in one well downgradient
from a runoff-retention pond. Chemical analyses of water from two lysimeters
installed in the unsaturated zone indicate that leachate from the feedlot has
percolated to a depth of at least 5 feet but has not percolated to a depth of
20 feet. The small changes in ground-water quality caused by the feedlot are
likely the result of the limited available recharge, a relatively impermeable
manure pack, soil clogging under the cattle pens resulting in slow vertical
movement of leachate through the unsaturated zone, soil <clogging under the
unlined runoff-retention ponds, and denitrification in the unsaturated zone.

INTRODUCTION

Large cattle feedlots may produce organic waste loads comparable to
those produced by a medium-sized city. In the western United States, feed-
lots are often located in valleys where water is available for irrigating
crops produced for livestock feed. These valleys frequently contain perme-
able alluvial deposits and have a shallow depth to ground water. The combi-
nation of large quantities of wastes, permeable deposits, and shallow depth
to water increases the potential for changes in ground-water quality.

A site near Greeley, Colo. (fig. 1), about 50 mi northeast of Denver,
was chosen at which to monitor possible changes in ground-water quality re-
sulting from operation of a feedlot. The climate in the area is semiarid,
with an average annual precipitation of 11.47 in. during 1975-77, according
to precipitation records collected at the feedlot by the operator. Stocking
of the feedlot began April 26, 1974, and by the end of the year 50,000 cat-
tle were fed each day at the site; by 1977, an average of 90,000 cattle were
fed in the pens each day.
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The feedlot has an area of 500 acres of which 320 acres are fenced into
pens. Storm runoff is collected in concrete-lined ditches and stored in two
unlined retention ponds (fig. 2). The ponds also store overflow water from
drinking troughs which are kept running during cold weather to prevent freez-

ing. The storm water in the ponds is later mixed with water pumped from the
aquifer and used for crop irrigation on adjacent land that 1is part of the
feedlot complex. The pens do not have concrete or lined floors and are

cleaned three or four times a year. The manure is wused as fertilizer by
landowners within 15 mi of the feedlot.

Nineteen observation wells and four lysimeters, similar to those de-
scribed by Wood (1973), were installed in and near the feedlot during con-
struction (fig. 2). Water samples were collected from the wells for chemical
analysis prior to stocking of the feedlot. After stocking, samples were
collected quarterly from most wells until June 1978. Samples also were col-
lected intermittently from two of the lysimeters, the runoff-retention ponds,
and the water supply at the feedlot. Samples could not be successfully ob-
tained from the other two lysimeters.

The purpose of this report is to present the data collected in the
immediate vicinity of the feedlot and provide a preliminary interpretation of
that data. The data-collection network was not designed to define the
regional aspects of the geohydrologic system or the effects of waste removed
from the immediate vicinity of the feedlot.

The cooperation of the feedlot owner for allowing the installation and
monitoring of the wells and lysimeters and for providing data on precipita-
tion, feedlot operations, and the feedlot supply wells is gratefully acknowl-
edged.

GROUND-WATER HYDROLOGY

The feedlot 1is located on a terrace in the South Platte River valley
about 30 ft above the flood plain (fig. 2). The study area is underlain by
alluvial sand and gravel deposits that comprise the aquifer.

The bedrock underlying the alluvial aquifer is the Laramie Formation of
Late Cretaceous age. In the study area, the Laramie Formation primarily con-
sists of shale that restricts vertical movement of water. Therefore, only
the alluvial aquifer is subject to water-quality changes caused by the opera-
tion of the feedlot.

The altitude of the bedrock surface slopes from about 4,540 ft near the
southwestern part of the study area to about 4,440 ft in the northeastern
part of the study area (figs. 3 and 4). The depth to bedrock ranges from
about 40 ft in the southwestern part of the study area to about 130 ft in the
north-central part of the study area (fig. 5). The depth to bedrock in the
feedlot ranges from about 65 ft near the southeastern runoff-retention pond
to about 130 ft in the northern part.
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The aquifer underlying the feedlot is recharged by precipitation, the
South Platte River, irrigation water applied to fields in excess of evapo-
transpiration, leakage from irrigation ditches and canals upgradient of the
feedlot, and to some extent by infiltration of wastes from the livestock pens.
Most of the water flowing beneath the feedlot entered the aquifer as re-
charge upgradient of the feedlot as indicated in figure 6. However, the data
used to construct figure 6 was collected at a time when the effects of pre-
cipitation, streamflow, evapotranspiration, and pumpage were minimal.

The altitude of the water table in the alluvial aquifer ranges from
about 4,568 ft in the western part of the study area to about 4,550 ft in the
eastern part of the study area (figs. 4 and 6). Water moves generally at
right angles to the water-table contours from higher to lower altitudes and
is moving approximately from west to east beneath the feedlot. The hydraulic
gradient across the feedlot is about 8 ft/mi. The depth to water in the
study area ranges from zero at the South Platte River to about 35 ft in the
center of the feedlot (fig. 7).

The saturated thickness of the alluvial aquifer ranges from about 10 ft
in the southern part of the study area to about 110 ft northeast of the feed-
lot (fig. 8). In the feedlot, the saturated thickness ranges from about 35 ft
near the southeastern runoff-retention pond to about 100 ft along the north-
ern edge of the feedlot.

Hydraulic conductivity of the aquifer beneath the feedlot is estimated
to be 170 ft/d, based on logs from 10 wells in the feedlot, and the porosity
is estimated to be 0.4 on the basis of laboratory analyses of core samples
from well 13 (depth interval 0 to 30 ft). The average ground-water velocity
is estimated to be about 230 ft/yr based on the equation:

v = &L x 365, (1)

where:

ground-water velocity, in feet per year,
hydraulic conductivity, in feet per day,
hydraulic gradient (dimensionless), and
porosity (dimensionless).

on

o

SHA<

This estimate of ground-water velocity is probably lower than the aver-
age rate of ground-water movement beneath the feedlot because (1) the labo-
ratory value of porosity is probably about two times greater than the average
effective porosity of the aquifer and (2) gradients greater than 8 ft/mi are
produced by the pumping wells within the feedlot.
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WATER QUALITY

Chemical characteristics of water in the alluvial aquifer prior to
stocking of the feedlot are summarized in table 1. A comparison between
selected dissolved mineral constituents in water in the aquifer prior to
stocking of the feedlot and in runoff from the feedlot after stocking is
shown in table 2. The sample of runoff was obtained from the southeastern
runoff-retention pond following a storm in September 1976 when water quality
should most closely represent that in leachate from the manure pack. (The
chemical quality of water in the ponds varies as shown in table 7 in the
Supplemental Information section at the back of this report, because overflow
from drinking troughs as well as storm runoff is stored in the ponds.)
Concentrations of all constituents used in the comparison except sulfate,
sodium, and nitrate were greater in the runoff from the feedlot than the
median content of water from the aquifer. Sodium concentration in the runoff
may have been anomalous as McCalla, Ellis, Gilbertson, and Woods (1972)
determined that the mean sodium concentration in feedlot wastes generally is
about 1,050 mg/L. The smaller concentration of nitrate in the runoff may
have resulted because much of the nitrogen was present as ammonia and organic
nitrogen and because denitrification was probably occurring.

Nitrate is the chemical constituent most likely to be increased in
ground water by leachate from the feedlot because of the large quantities of
nitrate in feedlot wastes. A steer produces wastes containing about 0.4 1b
of nitrogen daily (Taiganides and Hazen, 1966, p. 375). Therefore, the
90,000 cattle in the feedlot may produce about 36,000 lb of nitrogen daily.
As much as 90 percent of the nitrogen in the manure may be lost to the
atmosphere (McCalla and others, 1969, p. 5). |If the remaining 10 percent of
the nitrogen were mixed uniformly with the 106,000 ft3 of ground water esti-
mated to be moving beneath the feedlot daily, the concentration of nitrate
as nitrogen in the water would be about 540 mg/L.

Chloride is mobile in the ground-water environment and commonly is a
good indicator of water-quality degradation (Robson, 1977, p. 13). Compari-
sons of nitrate and chloride concentrations from April 1974 to June 1978 and
trends in the concentrations of these constituents were used to determine if
the leachate from the feedlot had affected water quality in the aquifer.

There have been some changes in the quality of water from the 19
observation wells from April 1974, before the feedlot was stocked, to June
1978, but most changes appear to be unrelated to the feedlot. The median
chloride concentration’ for samples from the 19 observation wells in June
1978 was 120 mg/L, compared with 100 mg/L in April 1974. The median nitrate
as nitrogen concentration was 7.7 mg/L in June 1978, compared to 5.2 mg/L in
April 1974, Increases in chloride and nitrate concentrations indicate some
degradation of water quality. The variability of both chloride and nitrate
concentrations is greater than observed changes and no major increasing
trends for these constituents have been observed in water from wells most
likely to be affected by leachate from the feedlot.

12
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Chloride (fig. 9) and nitrate (fig. 10) concentrations in water from
wells 16, 25, 26, 30, and 32 that are either in the feedlot or downgradient
from the feedlot illustrate the lack of consistent trends. Neither chloride
nor nitrate has increased in water from wells 16 and 30. An overall but not
steady increase in chloride concentrations and an overall but not steady de-
crease in nitrate concentrations has occurred in water from wells 25 and 26.
If water in these wells was affected by leachate from the feedlot, an
increase in both chloride and nitrate would be expected. A slightly more
regular increase in chloride and a decrease in nitrate has occurred in water
from well 32. This well is downgradient from the southeastern runoff-reten-
tion pond and water in the vicinity of the well may be slightly affected by
runoff leaking from the pond. The decrease in the nitrate concentration in
the well water may be due to the relatively small nitrate concentration in
water in the runoff-retention ponds, which ranged from 0.04 to 3.7 mg/L as
nitrogen in four analyses.

Water from wells 6, 11, and 37, which should not be affected by feedlot
operations because they are not downgradient from the feedlot, showed some
changes in chloride concentrations from April 1974 to June 1978 (fig. 11).
Water from well 6 had a fairly constant chloride concentration with a slight
increase in chloride concentration from April 1974 to June 1978. Water from
wells 11 and 37 had an irregular trend in chloride concentrations with an
overall slight increase in chloride concentrations from April 1974 to June

1978.

Nitrate concentrations in water from wells 6 and 11 have been fairly
constant with little overall change during the monitoring period (fig. 12).
Water from well 37 had some variations in nitrate concentrations and a slight
increase in nitrate from April 1974 to March 1978. There was a large
increase in nitrate concentrations from March to June 1978 in water from this
well.

The <changes in water quality from sample to sample from the same well
are due to differences in chemical quality of water moving past the well.
These differences in water quality in the aquifer with time are caused large-
ly by differences in concentrations of chemical constituents in recharge
water reaching the aquifer, mostly upgradient of the sampling point. In the
South Platte River valley, much recharge comes from 1irrigation water, both
applied to fields and leaking from irrigation canals and ditches. The chem-
ical quality of this water changes from year to vyear and seasonally. The
quantity of irrigation water also changes seasonally. Pulses of recharge
water with differences in chemical quality reach the aquifer and then move
downgradient, causing differences in chemical quality with time at any sam-
pling point.

14
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Figure 4 and table 4 show well depths and the intervals of the wells open to the aquifer
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Figure 9.-- Chloride concentrations in water from selected wells
in and near the feedlot.

Figure 4 and table 4 show well depths and the intervals of the wells open to the aquifer
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Figure 10. -- Nitrate concentrations in water from selected wells
in and near the feedlot.
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Figure 4 and table 4 show well depths and the intervals of the wells open to the aquifer
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Figure 11.-- Chloride concentrations in water from selected wells
outside the feedlot.

Figure 4 and table 4 show well depths and the intervals of the wells open to the aquifer
|I|II'II|I|'I|IIITY|IIIIIIl—l_Illllllll|]l||ll|ll||l||]|l||ll

— -

(=}

Well 37

W A~ o
(=]

S}
[

—

—

S
|

\

/

______ —— ‘*~wa|n

14 l1--1-1-4--1»-I-i--b-l-i--b.l..l .L.l-i--r-l-i--b.l.a--JJ-+-t-l-1-1-4-:--r-H'-r-I-l--r'l"l"r‘i"r't--4-9-1'-'1-2_|J el

J A J O U A J O J A J O J A J O U A U O
1974 1975 1976 1977 1978

CONCENTRATION, IN
MILLIGRAMS PER LITER
8
I

o

Figure 12. -- Nitrate concentrations in water from selected wells
outside the feedlot.

Water samples from lysimeters installed at 5- and 20-ft depths below
land surface in the unsaturated zone near wells 13, 14, 15, and 16 in the
feedlot indicate that leachate from the feedlot surface has percolated to a
depth of at least 5 ft but not to a depth of 20 ft (table 3). Lysimeter sam-
ples first obtained in July 1975 indicate leachate from the feedlot was pre-
sent in the soil moisture at a depth of 5 ft below land surface. The small
amount of water obtained from the shallower lysimeter had a nitrite plus ni-
trate concentration of 230 mg/L as nitrogen and a chloride concentration of
210 mg/L. Water from the deeper lysimeter had a nitrite plus nitrate concen-
tration of 7.2 mg/L as nitrogen and a chloride concentration of 42 mg/L. The
concentrations of nitrite plus nitrate and chloride have not changed signif-
icantly from July 1975 to June 1978.
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Factors that may be responsible for the small changes in water quality
in the alluvial aquifer in the study area, despite large quantities of wastes
generated in the feedlot, include limited recharge from the feedlot because
of a relatively impermeable manure pack and soil clogging under the pens, re-
sulting in slow vertical movement of leachate in the unsaturated zone, soil
clogging under the runoff-retention ponds, and denitrification in the unsatu-
rated zone. The relatively small amount of precipitation and large potential
evaporation (fig. 13) mean that little water is available for recharge. Cat-
tle wastes and water sprinkled on the pens to control dust are potential
sources of recharge. However, the total of all sources of recharge is rela-
tively small in comparison to the quantity of water moving beneath the feed-
lot.

Data from U.S. Department of Commerce, National Weather Service

12 rllll[lT‘IllIlllllllllII[IIIIIIIIIIIIIIIIII|||

~Pan evaporation

1 Precipitation

Figure 13.--Monthly precipitation at the feedlot and pan
evaporation at Fort Collins.

Infiltration to the unsaturated zone beneath the pens is inhibited by
the relatively impermeable manure pack. The infiltration rate of undisturbed
complete feedlot soil cores was reported by Mielke and Mazurak (1976, p. 34l)
to range from 1.2 X 10°% ft/d to 7.5 X 107%ft/d. Clogging of pore spaces by
organic material also occurs beneath the pens. Manure packs that are unused,
however, dry and crack, thus opening the manure pack and the surrounding area
to water and oxygen. Such conditions promote leaching of nitrate down the
soil profile to the water table (Mielke and Ellis, 1976, p. 74).

Observation indicates that 1leakage from the unlined runoff-retention
ponds may be restricted because of soil clogging by suspended material in the
runoff water. Schuman and McCalla (1975, p. 115) also reported that feedlot
lagoon water applied to soil cores caused clogging. When water levels in the
ponds decline, the clogged soil dries, cracks, and may allow some leakage as
water levels in the ponds rise and before clogging reoccurs.
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Table 3.--Chemical analyses of

O] o ©

(6 [$] (]

C el > >

[y — Q -— O j oy Ly

pory ™ > o] [0] (@] (@]

8] o — ] > — wn

[} =} (&) O~ N~ —_——— = w
— O~ © n @ o— O O @ [a o—~
[N cwn (8] n O o= n Z — o 4

£ o O [0} — 0 e}

(10} [ I —~~ | 5. [7p] T w0 ~ n o N wn -~ n
wn) ~—~ £ 7] >3 © © E @© o @ hel £ @©

[ (6 'e] = = n - 3 [} 3
Y} — [ © n E 4 o— 4 -~ 1 O o—
o= Yo Q c o~ U~ I~ [ B £~ £ o— 0~
1 —e— pus [ &} [l o)} - O QO O s BN o)) o IR n o
Q > [S = ~— oo o £ (S = cC E — £ o (0 @ £
= S QO ~ Ev L S — oY~ T~ T - 4= ~—

[10] Q. X (] {19} (1] © (@] o o]

[ w [a N - xI (&) = w w Q.

5-FT LYSIMETER
75-07-23 4,500 7.4 27.0 ----- - --- ——— = ---
76-06-29 5,000 7.2 12.5 @----- —— -ep ——— meeee -
76-09-22 ----- ——— mmee mmee- ——— - —— e -
76-12-08 13,720 --- ----  ----- -— - -—— = ---
77-03-08 13,750 --- ----  ----- -—- === 320 ----- 1h
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78-06-20 =----- e —eee- _—— e-- -—— == ---
20-FT LYSIMETER
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1Laboratory value.
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A relatively slow rate of vertical movement of leachate may mean that
not enough time has elapsed for leachate to reach the saturated zone. The
rate of vertical movement of water in the unsaturated zone under fields and
animal pens in the middle South Platte Valley of Colorado has been estimated
to be always less than 4 ft/yr and generally less than 1.2 ft/yr (Stewart and
others, 1967a, p. 46).

Future changes in ground-water quality beneath the feedlot are likely to
be minimal even when leachate reaches the saturated zone. The volume of wa-
ter in the unsaturated zone reaching the water table is small, compared with
the volume of ground water moving beneath the feedlot. Consequently, the
concentrations of chemical constituents in the leachate will be diluted on
reaching the saturated zone. Denitrification occurring in the soil profile
also will lessen the impact of leachate on the concentration of nitrates in
ground water. Concentrations of nitrite and nitrate nitrogen in water in the
unsaturated zone under the feedlot should be larger than the potential of
540 mg/L calculated for ground water because of smaller volumes of water in
the wunsaturated zone. Water samples from the 5-ft lysimeter, however,
averaged 190-mg/L nitrite and nitrate nitrogen for seven analyses, indicating
denitrification is occurring in the soil profile under the manure pack.

SUMMARY

Water samples collected from 19 observation wells from April 1974, be-
fore the feedlot was stocked, to June 1978, when 90,000 cattle were fed, have
indicated that few water-quality changes can be attributed to the feedlot de-
spite the large quantities of generated waste. Water analyses from two lysi-
meters in the unsaturated zone indicate leachate from the feedlot has percol-
ated to a depth of at least 5 ft but has not percolated to a depth of 20 ft.
The small changes in ground-water quality caused by the feedlot are likely
due to the limited available recharge, a relatively impermeable manure pack,
soil clogging under the cattle pens resulting in slow vertical movement of
leachate through the unsaturated zone, soil clogging under the unlined run-
off-retention ponds, and denitrification in the unsaturated zone.
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SUPPLEMENTAL INFORMATION
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System of Numbering Wells Using Township, Range, and Sections

The system of numbering wells wusing township, range, and section is
illustrated in figure 14. The well numbers used in tables 4 to 10 are based
on this numbering system.

24



RANGE

50 49 48 47 46 45 44 43 42 41 40

o
..... g
o | NEBR
Ql [ KANS
=
Q.
&}
6 5| 4 31211
A 8|9 |wf1n)2 !
18117116 (15| 14|13
19 { 20
EXPLANATION L
) o , 30|29
Sixth Principal Meridian
Survey 31| 32 B A
New Mexico Principal 21
Meridian Survey B |'
i
Costilla County r=C = —
SC 3-49-21CCB '({,A_? b b
- Ute Principa! Meridian C1P
Survey B
S € 3 49 21 C C B
4 S 4
P |
b
5 5| ¢
T = s
3 5 3
3 5l E 2
5 8. S|, 8|.
£ «f 2 ®|g 9|& 9§
gl %5 c 5 8|5 &5 =&
ala alg &l &l &l 33 i3 3I2

Figure 14. -- System of numbering wells using township, range, and section.

25

1IN
1S

0 =N O Ut o W

TOWNSHIP



S SAA  =-- 865y I | A ] h -0% €061 930 --------- mmemeeeeeoo -3luBWuU4dA09 "S°n £430€24905009S  SI
g SBA --- 66S°Yy 0 ----- % LL L -€L €61 380 ~-----mm-- m-eo--ea--.--JUBWUIRA0Y "G Z820E£24905008S 4L
S S3A 871 565 0 ----- % 7Ty TTi-git €L61 290 evemmemee ceeeeeea-.--JUBWUUBA0CY ST 1E3Q€75905008S €1
- --- o4l 765'h s €9 91  THL  ZHI-LZ1 €161  ABY  JY-TiHHl ----mveemmmeee-eo--20|PABS |JVA£ZHIOSOVES  TH
sap Sl 569y 0 ----- 4 8l 8L -84 L6l CABW  memmemmom e --JURWUIBA0Y STl 12I3€£Z4905008S 1
- --- K€l 665 Y s 9zl 91  9f£!  S€1-0¢! €i61  "deW  JY-0L0LliY ------mcom----------20|PR34 | 0EIE£THO0G008S 0L
9 ——- == 0LS‘Yy I o1f'L gL €8 ------- LE61 Yhohg ~-------- 1treyddo(g 194ebiaey  1389€249040085 5
9 e SlS'y | ----- 81 9L —mmmaee memmemccee emeeceen memecneeeeee------BYl0Y ACY  {2IQ0££9050085 8
9 ——- --- LSy I ----- 81 00l =------ 0961 Y9981 1 ----w~------UOSIBYB4 LPWISH  {8800££905008S L
S S3A  Sil (AN [ . | 68 68 -69 LT S 1 -luBwulaA0g SR 13000£€9050085 ©
me—— me- 58594 b= - JA ] nS61  Aew ¥6EGLL ~---- e 301p934  13280££905008S S
S -5§
Sa -—— ¢ —————
A 558ty 0 oSl e gy RLEL Y  mmmmmeme ce-eeeee--o-UBWUIBAOD SO (VEEEEEICS008S 4
-—- --- LTAN H ----- 9 0% —emeee- memmmmeeme mmeemeoo- —eeeoe------UOS4B1B4 UBWIBH  |JIV0E£90G008S €
—em ae- §56°h H Sl S 09 09 -05 4961 Ainp 69/.. -12143s1g uwoilebiaa) nofig  Z3G261£905008S T
q - ee- 555y N ----- 5 cee emeeees memmmeme - ==---=--3214351g voiIebiaus) nofig  13Q261£9050095 i
o = (=] p-3 [od = ) fw) — [ w
x ) 1] — w [ [ 1 3 o} =
I.ma M Iad —~0 [V e [ w.)ll —un —T0 ~~rt ey T - LUQEDE - v
s 3 o - P ToD e e s -+ -0 o0 43uUmg -
= 3" [ N ot o} = 3 3 L= o0 p21]14p o ¢
+ 0 ) ® “C<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>